Abstract Case control studies evaluating the relationship between dietary intake of specific nutrients and risk of congenital, neonatal or early childhood disease require the ability to rank relative maternal dietary intake during pregnancy. Such studies are limited by the lack of validated instruments for assessing gestational dietary intake several years post-partum. This study aims to validate a semiquantitative interview-administered food frequency questionnaire (FFQ) for retrospectively estimating nutrient intake at two critical time points during pregnancy. The FFQ was administered to women (N = 84), who 4-6 years earlier had participated in a prospective study to evaluate dietary intake during pregnancy. The FFQ queried participants about intake during the previous month (FFQ-month). This was then used as a reference point to estimate consumption by trimester (FFQ-pregnancy). The resulting data were compared to data collected during the original study from two 24-h recalls (24 h-original) using Spearman correlation and Wilcoxon sign-rank-test. Total energy intake as estimated by the retrospective and original instruments did not differ and was only weakly correlated in the trimesters (1st and 3rd) as a whole (r = 0.18-32), though more strongly correlated when restricted to the first half of the 1st trimester (r = 0.32) and later half of the 3rd trimester (r = 0.87). After energy adjustment, correlation between the 24hR-original and FFQ-pregnancy in the 3rd trimester were r = 0.25 (P \ 0.05) for dietary intake of vitamin A, and r = 0.26 (P \ 0.05) for folate, and r = 0.23-0.77 (P \ 0.005) for folate, and vitamins A, B6 and B12 in the 1st and 3rd trimester after including vitamin supplement intake. The FFQ-pregnancy provides a consistent estimate of maternal intake of key micronutrients during pregnancy and permits accurate ranking of intake 4-6 years post-partum.
Introduction
Case control studies evaluating the relationship between dietary intake of specific nutrients and risk of congenital, neonatal or early childhood disease require the capacity to estimate relative maternal dietary intake during pregnancy. Cohort studies are not cost-effective for studying rare diseases. Therefore, investigators must rely on tools that can be used retrospectively and Food Frequency Questionnaires (FFQ) provide the best alternative for ranking past dietary intake in population studies. Several studies [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] have attempted to collect data retrospectively on dietary intake during pregnancy. However, little work has been done to predict the validity of dietary intake data collected several years post-partum. This is a major limitation for studies on congenital diseases that are diagnosed in later infancy and early childhood.
One study has attempted to validate the use of a selfadministered food frequency questionnaire applied 3-7 years after pregnancy [11] , and demonstrated the utility of using a FFQ several years post-partum to estimate intake during pregnancy. However, this instrument would not be appropriate for studies involving populations with limited literacy that require in-person interviews.
Additionally, some hypotheses may require data on dietary intake during specific trimesters, depending on the embryologic origin of the tissues of interest [12] [13] [14] . The nutrients chosen for this analysis are restricted to energy and those micronutrients more commonly hypothesized to be associated with risk of congenital, neonatal or early childhood disease (Vitamins A, B6, B12 and folate). We additionally focused on the first and third trimesters because of the relevance of these periods for work involving organogenesis (first trimester) and [12] [13] [14] predictors of low birth weight, perinatal death and later chronic disease such as diabetes, in which intake during the third trimester may be most critical [15] [16] [17] . Studies interested in estimating the importance of maternal diet contributing to risk of malignancies in early childhood might need to differentiate between these periods of intake in order to differentiate associations during periods of initial tissue formation versus those of accelerated growth.
We present here a novel method for retrospectively estimating dietary and vitamin supplement intake during pregnancy in women of limited literacy. We report the validation of this interview-administered FFQ which was specifically designed to estimate dietary intake and supplement consumption, by trimester, in pregnancies that had occurred 4-6 years before the date of an in-person interview among a small population of women living in semi-rural Mexico.
Materials and Methods

Population
To validate the new FFQ, prospective information from a randomized double-blinded clinical trial (RCT) carried out between 1997 and 2000 in a small semi-rural community in the state of Morelos, Mexico was used [18] . The RCT's objective was to compare the impact of vitamin supplementation during pregnancy (873 women) on fetal growth by randomizing pregnant women to daily supplements containing either multiple micronutrients or iron. Highly trained personnel administered the supplements, visiting women's homes 6 days a week throughout pregnancy and documenting compliance. Women were not taking other nutritional supplements during pregnancy.
Dietary intake was estimated using 24 h recall questionnaires (24 h-original) obtained on 2 non-consecutive days during the first trimester, (weeks 4-13 of gestation) and during the third trimester (weeks 26-40), Fig. 1 In 2004, we identified 90 women who had participated in the RCT (1997-2000) 4-6 years earlier and had complete information on food intake (24 h-original obtained on 2 non-consecutive days) and supplement intake in the two trimesters (1st and 3rd) of pregnancy. Of these, only 84 agreed to participate in the validation of the FFQ, as the other 6 no longer resided in the study area. Figure 1 depicts the structure and organization of the validation study.
The RCT and this validation study were both approved by the Ethics, Biosecurity and Research Commissions at the National Institute of Public Health (INSP), Cuernavaca, Mexico. Mothers also gave written informed consent for participating in the validation study and for the use of their socio-demographic and dietary data collected during the RCT study. The 24 h-original and FFQ were administered by highly trained personnel during home-visits.
Development of the Questionnaire and Validation Study
The design of the pregnancy specific FFQ we present and validate (see ''Appendix'') builds on our prior experience with dietary surveys of pregnant women in Mexico. The FFQ is administered as an in-person interview and is divided into three sections. FFQ-month (originally validated as a free-standing FFQ [22] ) queries women regarding their dietary intake during the previous month of interview (FFQ-month). FFQ-pregnancy examines differences between current diet and diet during each trimester using the prior month's dietary intake as reference. The last section examines supplement intake during each trimester.
In the ''Introduction'', FFQ-month, women were asked how often (from 0 to 6 times per day, or week) they consumed each food in the last month. Foods included in the FFQ-month were selected based on their energy and/or micronutrient contribution to data collected in 24 h recalls from 18,311 women of childbearing age who participated in the national survey, ENN99 [23] ensuring that selected food items were responsible for 90% of the calorie and micronutrient content in women's diets [23, 24] . Foods were grouped into eight categories. Participants were also asked to list any additional foods consumed and these were included in subsequent calculations.
The portion size for each food item in the FFQ-month was based on the mean portion size reported in ENN99 [23] . For those additional foods not reported in ENN99 portion size was derived by averaging the measurements of 10 servings of a given food.
In the FFQ-pregnancy, for each trimester, participants were asked to recall dietary intake in those 3 months, and to report whether intake of each food item was greater or lesser than that reported in the FFQ-month, and to report whether they had included or excluded any food. If a food had been included (i.e. consumed in that trimester, but not consumed in the prior month) mothers were asked about the frequency which it was consumed. The FFQ-month helped study participants recall short term intake by identifying first those food items ingested regularly as well as those habitually not ingested [39] . Subsequently the FFQ-pregnancy queried about modifications in consumption of these foods during pregnancy. Because mothers were from a small urban community and had low levels of literacy, interviewers used visual props in order to prompt mothers to recall the different trimesters by using images of different female silhouettes with varying corresponding abdominal shapes, and also reminding participants of the calendar months in which each trimester transpired. The interviewers showed appropriately sized spoons, measuring cups, drawings and photographs of foods to the mothers in order to facilitate estimating portion sizes.
The last section of the questionnaire queried mothers regarding the amount, frequency and duration of supplement consumption during each trimester of pregnancy.
Dietary Intake Quantification
The 24hR-original and FFQ-month questionnaires were coded and transformed into daily nutrient intake using a food composition table compiled at the National Institute of Public Health, based on the USDA and INCAP Food Composition Tables [23] [24] [25] using software developed at the INSP. Estimations from the two 24hR-original questionnaires were averaged to provide a better estimation of usual intake [24] .
FFQ-month was modified accordingly to report the dietary intake at each trimester of pregnancy in FFQpregnancy. Modifications included changing the frequency of each food they report at FFQ-month, addition of new foods and elimination of foods not consumed during pregnancy (Fig. 1) .
Once the modifications were made, energy and micronutrient intakes were quantified separately for the first and third trimester due to greater deviations from their usual diet. However, this questionnaire was applied over a wide range of weeks within the same trimester. In order to know if correlations were affected by the time within a trimester in which they had their original interview, women were stratified based on whether they were interviewed at the beginning or end of the trimester. The halfway point of each trimester was used as the cutoff point, week 9 for the first trimester and week 32 for the third trimester.
Supplement Intake Quantification
Nutrient intakes from supplements were estimated based on the frequency and duration of participation during the RCT for each trimester, and then compared to those reported in the FFQ-pregnancy, in order to evaluate whether mothers remembered the frequency of general supplement intake. A compilation of the nutritional content of the supplements available in Mexico was used for this purpose [26] .
A composite variable generated using the sum of intake of supplemental nutrients and diet derived nutrients was generated for each trimester of pregnancy for both the 24hR-original and FFQ-pregnancy questionnaires. Supplement intake was not recorded for the FFQ-month.
Statistical Analysis
Demographic information, including age, parity, years of schooling completed, socio-economic status (SES), as well as height and weight were obtained by trained fieldworkers and nurses during the RCT (before week 13 of gestation) as previously described [19] using standard procedures [27] . Unfortunately it was impossible to collect this information again during the validation study. Statistical comparisons were done in order to evaluate the possibility of selection bias. The subset of 84 women selected to participate in the validation study were compared with the remaining population of women recruited to participate in the RCT (873 women). Body Mass Index (BMI, kg/m 2 ) was generated and categorized according to WHO cutoff points (underweight \18.5, normal 18.5-24.9, overweight 25-29.9 and obese [30 [28] . SES was classified into tertiles using the Brofman index [29] which had been designed and validated for similar populations in Mexico and takes into account housing conditions and ownership of appliances and explains 43.8% of the generalized variance of the set of variables included. Education was assessed by the number of years of formal schooling completed and was stratified into 4 categories: 0, 1-6, 7-9, and [10 years (this latter category corresponds to having more than a secondary school education).
Energy and nutrient intakes reported in the first and third trimester interviews during the RCT (24 h-original) were compared with the intakes reported in the validation study (FFQ-month and FFQ-pregnancy intake). The median and interquartile ranges were estimated for energy intake, folate and vitamins A, B6 and B12 during each period. Nutrient intake levels were compared between the 24hR-original and the FFQ-month and FFQ-pregnancy separately for each trimester using Wilcoxon rank sum tests. Correlation between dietary intakes of each trimester (24hR-original) and dietary intake of FFQ-month, and between the dietary intake of each trimester (24hR-original) and FFQpregnancy was examined using Spearman coefficients. Nutrients were energy adjusted using residual models [30, 31] . Because the supplements were largely non-caloric, we made similar comparisons taking into account supplement contribution, but without energy-adjustment.
For each trimester, the averaged 24 h-original was compared to FFQ-pregnancy using the Bland and Altman method [32, 33] . Analysis of variance was used to examine the data from 24hR-original in order to estimate withinand between-subject variation. We used the ratio of the two variances to correct correlations for day-to-day variation using the formula for deattenuated correlation found in Rosner et al. [34] .
For multiple regression analysis of energy intake, we adjusted for the number of weeks of pregnancy at the time of each interview time-point and also adjusted for maternal age and years of schooling. With 84 participants we had sufficient power (0.80) to determine a correlation of rho =0.3 with P \ 0.05 between 24hR-original, FFQ-month and FFQ-pregnancy [35] . Data was analyzed using SAS software, Version 9.1.2 (Institute Inc., Cary, NC, USA) and STATA, Version 9.0 (Stata Co., Santa Monica, SA). P values of less than 0.05 were considered statistically significant.
Results
The 84 mother subset participating in this validation study did not differ from the total enrolled in the RCT study (873 women) in almost all of the demographic characteristics (age, parity, years of schooling completed, socio-economical status and height). For weight, the subset of 84 mothers weighed an average of 2 kg less than the women of the original RCT, although their BMI was only 0.9 kg/m 2 lower. The proportion of women whose BMI was in the range of normal was similar between the total population (58%) and the validation subgroup (64%) The women in the validation subset were evenly distributed between the two study arms with 40 women (47.6%) in the control arm and 44 women (52.4%) in the experimental supplement arm. Validation subset women in the two study arms did not differ in all of their demographic characteristics. At time of enrollment into the RCT, the validation study participants had a mean age of 23 years, a mean weight of 51.5 kg (SD 8.0 kg), height of 148 cm (SD 4.7 cm), 64% had Body Mass Index of 18.5-24.9 kg/m 2 , 51.2% had 1-2 children and 70% had fewer than 9 years of schooling (Table 1) .
Energy Consumption
Estimates of median energy intake did not differ significantly (Wilcoxon rank sum tests) between the three dietary instruments: 24hR-original, FFQ-month and FFQ-pregnancy in first trimester (Table 2) . However, by Bland and Altman plots, energy intake varied with an average of -178.3 kcal (SD 868.3 kcal) between the 24hR-original and FFQ-pregnancy in both the first or third trimesters (Fig. 2a, b) . Energy estimates from the 24hR-original did not correlate with those from either the FFQ-month or the FFQ-pregnancy (Table 3) (Table 3) .
Correlation further improved when energy estimates between the 24hR-original and FFQ-pregnancy were compared adjusting for whether interviews took place in the early or latter halves of the trimesters as well as for maternal age and schooling. Among women interviewed earlier in first trimester of pregnancy (\9 weeks gestational age) energy intake from the 2 dietary assessments correlated weakly (r = 0.23, P = 0.087). For the third trimester, correlation was highly significant for women interviewed in the latter half of the trimester (C32 weeks of pregnancy) r = 0.87, P = 0.004 (Table 4) .
Micronutrient Intake
Compared to the 24hR-original, the FFQ-pregnancy yielded higher estimates for intake of vitamins A and B12, though lower for vitamin B6 and folate, in both trimesters (Wilcoxon rank sum tests). Results were similar after including nutrient intake derived from supplements ( Table 2) .
Energy adjusted dietary intake in third trimester of pregnancy for vitamin A and folate were significantly correlated (P \ 0.05, Table 3 ). However, after including nutrient intake from supplements, the correlations between the 24hR-original and the FFQ-pregnancy improved with significant correlations for Vitamin A (first trimester, P \ 0.05; third trimester P \ 0.001) and for folate, and vitamins B6, B12 (P \ 0.001 in both the first and third trimesters) ( Table 3) . As expected the de-attenuated correlations were also higher for all micronutrients (Table 3) . Correlations comparing micro-nutrient intake estimates from the FFQ-pregnancy and the 24hR-original did not change after adjustment for either maternal education or the number of weeks of gestation at the time of interview (values not shown).
Discussion
We propose a novel method for retrospectively estimating dietary intake during critical periods of organogenesis. We have demonstrated that the FFQ-pregnancy allows estimation of diet 4-6 years post-partum, and enables investigators to reliably differentiate micronutrient intake during 2 critical windows of pregnancy, corresponding to very different time points in fetal development. This new FFQ instrument allows investigators to differentiate windows of nutritional susceptibility in studies of rare diseases for which prospective cohort studies are not a viable alternative.
This validation study demonstrated no significant difference in the estimated energy intake evaluation using the 24 h-original in this population of mothers as a reference. The FFQ-pregnancy predicts dietary intake of folate, vitamin A, B6, and B12 in both the first and third trimesters, particularly after adjusting for energy intake, and especially after including intake from dietary supplements. Our data suggest that women can remember their diet during pregnancy even after several years, and that they are able to remember the use of prenatal supplements with precision. The 24hR-original was applied in two repeated measures during the first and third trimesters in order to be able to account for intra-individual variability [30] . Analysis of the deattenuated correlations showed within-subject variation in 24 h-original, thus reducing the correlations [30, 34] . Analysis of these correlations is therefore, similar to validating an FFQ with a large number of 24 h recalls.
We suspected that high reporting in FFQ may be due to the study participant's familiarity with answering food intake questionnaires and therefore, more accurate reporting. Moreover, in the time elapsed, it is also possible that socioeconomic conditions changed, thus influencing the study participant's knowledge. Because maternal literacy and education can influence both dietary intake and detailing of dietary intake, we examined the correlation of caloric intake after adjusting for maternal education. The correlation between caloric intake in FFQ-pregnancy and 24hR-original for women interviewed in both the first half of the first trimester, (\9 weeks gestation) and the latter half of the third trimester (C32 weeks gestation), after adjusting for level of maternal education was larger and more significant. Attention to details regarding variation in dietary intake may vary according to educational levels [11] . In addition, these periods (first 9 weeks of pregnancy and after week 32) correspond to those in which dietary intake for pregnant women varies the most from women's non-pregnancy diet and may therefore, be remembered more accurately.
Hernandez-Avila et al. [22] showed in a validation study of sixteen 24 h recall versus two FFQ in non-pregnant Mexican women, that there was a correlation of 0.14 (P \ 0.01) for folate. In our validation, the correlation for the third trimester was 0.16 and deattenuated 0.63, though Table 2 Comparison of nutrient intake for the first and third trimesters, as estimated by three dietary instruments, with and without including contribution from intake of supplements (84 women)
Nutrient
Intake from diet alone (not including supplements) median (p25, p75)
Intake from both diet and supplements median (p25, p75) these results were not significant (P = 0.15). However, as noted above, correlation in the third trimester (r = 0.73, P \ 0.001) was very high after taking into account supplement intake. Our results are comparable to those of Block et al. [36] who found a correlation of 0.33 for vitamin A in a validation study comparing three 24 h recalls to one FFQ in a population of non-pregnant Mexican Americans. In our study, food-derived vitamin A intake between the two instruments had a correlation of 0.17 (P = 0.12) and 0.25 (P = 0.02) for the first and third trimesters, respectively, and 0.26 (P = 0.02) and 0.38 (P \ 0.001) for the first and third trimester for food and supplement derived intake, respectively. We consider that our instrument is a valid tool for estimating micronutrient intake derived from diet and supplements for use in studies in which the goal is to rank intake in populations. Correlations between 24h-original, FFQ-month and FFQ-pregnancy are close to the values reported in validations of other FFQ instruments (r = 0.14-0.53 depending on size and population of the study group) [1-10, 22, 37, 38] . That we know of, this FFQ is the first that permits estimating food and supplement intake by trimester of pregnancy, in semi-rural populations that are 4-6 years post-partum.
It is generally difficult to collect food intake information retrospectively from women who come from a semi-rural area, and whose habitual micronutrients and energy intake is known to be low [7] . Our utilization of visual props assisted women to remember their intake during the different periods of their pregnancy. Similarly, the design of the FFQ-pregnancy facilitated recall by first reminding study participants of intake in the immediate past before querying about their intake in the more remote past (4-6 years in the past) [39] .
After adjusting for energy, we found that the 24hR-original and FFQ-pregnancy were correlated for vitamin A and folate (P \ 0.05). However, since supplement intake accounted for a large portion of total nutrient intake within the RCT, it is not surprising that correlations would improve when intake from supplements was included in the FFQ-pregnancy values.
FFQs were validated against only two dietary recalls per trimester, and as observed using the deattenuated correlations there was high intra-individual variability. Since the same factors that affected the reference method (24hR-originals) may also have affected the FFQ, we cannot assume independent random errors in the two methods, as this could lead to overestimation of the correlations [40] .
According to our analysis, the over-estimation of folate, and vitamins A, B6, and B12 from diet can be expected due to this bias [26, 37, 40, 41] . Alternatively, it may also be attributed to the long period of time over which participants had to remember their diet. However, once adjustments for energy and supplements were made, the estimation of habitual intake tends to improve, especially in the third trimester. Mejía-Rodríguez et al. [26] demonstrated that intake of folate, and vitamins A, B6, and B12 in Mexican women of reproductive age is underestimated if nutrients obtained from supplements are not considered.
Limitations of this study include the possible tendency for study participants to have their recall of past diet be affected by recent consumption, however, the FFQ-month and FFQ-pregnancy were not correlated (data not shown). Another limitation is that we were not able to have a second measurement of FFQ-month and FFQ-pregnancy to ensure reproducibility. We also do not have information regarding the number of pregnancies participants experienced in the interim between the original RCT and the validation study. It is likely that participants' diets would be similar from pregnancy to pregnancy, so correlations between 24hR-original and FFQ-pregnancy could be attributed to more recent recall periods rather than to the index pregnancy.
The validity of this instrument is limited to populations in semi-rural areas with characteristics similar to our small population of 84 women. The women enrolled in this validation study and the study participants of the original RCT did not differ significantly in age, schooling, parity, SES or height. However, the women in this study weighed an average of 2 kg less than the women of the original RCT, although their BMI was only-0.9 kg/m 2 lower. Despite these relatively small differences, our comparisons are still valid, as we had sufficient power to detect 24hR-original, mean of two 24 h recalls performed during: first trimester and third trimester; FFQ-month, food frequency questionnaire assessing diet during last month to validation survey, unmodified for trimester of pregnancy; FFQ-pregnancy, food frequency questionnaire of the last month modified for differences between first and third trimesters of pregnancy * P \ 0.05; **P \ 0.001, Spearman correlation coefficient a Adjusted by energy b Deattenuation: corrected for day to day variation between the two R24h-original c Total variation wholly explained by within subjects variation 24hR-original, mean of two 24 h recalls performed; FFQ-month, food frequency questionnaire from last month to validation survey, unmodified for trimester of pregnancy; FFQ-pregnancy, food frequency questionnaire of the last month modified for differences between first and third trimesters of pregnancy * P \ 0.05 Multivariate analysis, adjusted by age and schooling in years a Deattenuation: Corrected for day to day variation between two R24h-original correlations between the 2 time points [34, 36] , and the deattenuation confirmed that the low correlations between 24hR-original and FFQ-pregnancy were due to the large intra-person variability for the two 24hR-original. Adjusting for this variability yields results comparable to validating with multiple 24 h recalls [31] .
Conclusion
In conclusion, we have designed and validated a method to retrospectively assess dietary intake and supplement use during pregnancy using the FFQ-pregnancy. This method provides a reasonable estimate of gestational maternal intake of critical micronutrients (vitamins A, B6 and B12 and folic acid). Estimation of micronutrient intake is particularly strong after accounting for energy and dietary supplement intake. The FFQ-pregnancy instrument provides valid estimates of intake 4-6 years post-partum. Importantly, mothers in our population demonstrated the ability to remember gestational supplement intake with relative precision, even after several years. In future studies, it will be necessary to evaluate the reproducibility of FFQ-month and FFQ-pregnancy and to test its validity in larger and more heterogeneous populations in both urban and rural settings in order to examine the generalizability of this instrument for retrospective use several years postpartum.
